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1. Introduction
Amongst Late Cretaceous bivalves, at least three groups 
comprise obligate sessile forms. Post-larval cementation 
in these molluscs has been linked to predation pressure 
(Harper, 1991a, b); being permanently fixed to a substrate, 
this would obviously have increased predator resistance 
in conjunction with the development of heavy ribbing 
and/or spines. Cementation by the right valve occurs in 
spondylids (Müller, 1970; Carter, 1972; Dhondt & Dieni, 
1990) and dimyids (Hodges, 1991). Of the latter group, 
small-sized forms such as Atreta nilssoni (von Hagenow, 
1842) and A. costata (Grönwall, 1900) at times cover 
large surfaces of tests of some holasteroid echinoids, 
showing a peculiar pattern of growth which Schmid 
(1949) referred to as ‘orientierte Anheftung’ and 
‘Inkrustazionszentrum’. Numerous examples of such 
cemented dimyids are known from the Lixhe 1 Member 
(Gulpen Formation; lower Upper Maastrichtian; Jagt, 
1999) of the Haccourt-Lixhe area (Liège, Belgium). 
Invariably, associated sessile forms there include craniid 
brachiopods, certain sabellid and serpulid polychaetes 
(Jäger, 2004), and monopleurid bivalves, as well as 
juveniles of pycnodonteine oysters. Pedunculate 
brachiopods are extremely rare on such substrates (Jagt & 
Simon, 2004).
 The third group includes palaeolophid, gryphaeid 
and liostreid oysters (classification according to Malchus, 
1990), in which cementation to a substrate is by the left 
valve. Depending on size and structure (e.g., curvature, 
surface features), oysters can fairly rapidly encrust their 
substrates and also bioimmure any other sessile organisms 
(epibionts) on the same substrate. The concept of 
bioimmuration has been discussed in detail by Taylor 
(1990a), and numerous fine examples of Jurassic and Late 
Cretaceous bioimmured bryozoans, thecate hydroids, 
verrucid barnacles, algae plus other soft-bodied organisms 
have already been recorded in the literature (Voigt, 1956, 
1966, 1968, 1979, 1981; Taylor, 1988, 1990a, b; Jagt, 
1989; Jagt & Collins, 1989; Rohr & Boucot, 1989; Taylor 
& Todd, 1990, 2003; Palmer et al., 1993;Voigt & Hillmer, 
1996; Evans & Todd, 1997).
 What the cemented oysters described in the 
papers referred to above have in common is the fact that 
they document the external surface of their substrates, 
with or without bioimmured epibionts. Thus, they provide 
‘a view from above’. Examples of post-larval oyster 
settlement on the inside of biotic substrates, such as empty 
echinoid tests, are much rarer. Here we describe two 
examples from the Maastrichtian (Late Cretaceous) of 
northeast Belgium and northeast Germany, and a 
spectacular Recent example from a beach in Bretagne 
(France). These document ‘a view from within’.
2. Bioimmuring oysters, fossil and Recent
It is widely known that oysters in particular may produce 
prime examples of xenomorphism, a term proposed by 
Stenzel (1971) to apply mainly to cemented bivalves in 
which the external configuration of the unattached shell 
closely imitates the substrate to which the cemented valve 
is attached. As discussed by Rohr & Boucot (1989), 
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xenomorphism is a special kind of bioimmuration, in 
which the animal attempts to compensate for any 
protusion/extension of the attached left valve by forming 
a corresponding bulge in the right, which thus mirrors the 
topography of the substrate. Obviously, in thin-shelled 
species, this mirrored image of the substrate on the right 
valve may be fairly detailed; in others, only contours are 
preserved and any ornament of the substrate is much 
subdued (Nestler, 1965; Carter, 1968; Abdel-Gawad, 
1986; Freneix & Viaud, 1986; Darragh & Kendrick, 1991; 
Aqrabawi, 1993; Lehmann & Wippich, 1995; Kutscher, 
1997; Cleevely & Morris, 2002; Reich & Frenzel, 2002).
 At some levels, notably in the Upper Jurassic 
and Cretaceous, oyster cementation can also be of prime 
biostratigraphic importance when ammonites constitute 
the substrate used. During early diagenesis (Voigt, 1996), 
the aragonitic ammonite shells were often dissolved, 
leaving little or no trace except for the attachment areas of 
the left valves of oysters. The production of artificial casts 
of such bioimmured ammonites can often help in 
identifying the species, and thus assignment of the level 
that produced the specimen to a particular ammonite 
biozone (Lewy, 1972; Spaeth, 1985; Coquinot & 
Marchand, 2004; Taylor & Lewis, 2005).
 As noted above, at certain levels in the Upper 
Cretaceous of northwest Europe, palaeolophid, gryphaeid 
and liostreid oysters cemented to ‘secondary hardgrounds’ 
are particularly common. The term ‘secondary 
hardgrounds’ refers to biotic/abiotic objects lying on the 
soft-bottom seafloor, and thus elevated above it; these are 
prime targets for settling larvae of many groups, including 
ostreoid bivalves. The pycnodonteine (gryphaeid) 
Pycnodonte vesicularis (Lamarck, 1806) was widely 
distributed, often covering more than 20-30 % of the 
available surface area of echinoid tests. By sheer weight 
increase during growth, such oysters occasionally caused 
the substrate to topple over and become available for 
additional encrustation by other organisms. Upper 
Cretaceous strata in the type area of the Maastrichtian 
Stage (northeast Belgium, southeast Netherlands) yield 
ample material of the ostreoid genera Pycnodonte, 
‘Hyotissa’, Amphidonte, Gryphaeostrea, Rastellum, 
Agerostrea and ‘Acutostrea’. Although much less common 
than ‘Acutostrea’ in the Maastricht Formation, specimens 
assignable to Pycnodonte are amongst the largest of 
oysters in this unit. Cementation to echinoids, in particular 
to the large holasteroid Hemipneustes striatoradiatus 
(Leske, 1778), is common. Much rarer is attachment to 
other, non-ostreoid bivalves (pteriids) and scleractinian 
corals. All these examples illustrate external surfaces of 
substrates; internal features are rarely documented.
3. selected examples
We have selected three examples of oyster cementation to 
the inside of echinoid tests, two of Late Cretaceous age 
and one from a Recent setting. Unfortunately, in both 
fossil examples only the left valves are preserved, so that 
the mirrored image of the encrusted substrate cannot be 
illustrated.
The Recent example, from the Natuurhistorisch Museum 
Maastricht collections (NHMM 2006 052) (see Fig. 1A-
C), is the most spectacular one. This is an isolated left 
valve of the common edible oyster, Ostrea edulis (von 
Linné, 1758), collected by Mr and Mrs Roelse (Vlissingen) 
from the low-tide line at La Grande Plage, St Cast 
(Bretagne, northwest France) in early August 2002. Ostrea 
edulis is widely distributed in the North Sea, the English 
Channel and the Atlantic Ocean (Stenzel, 1971; Lindner, 
1977); although the present valve is not fresh, but slightly 
worn and of a whitish yellow colour, it does not present a 
fossil or subfossil. The specimen measures 33.5 mm in 
greatest length, and 35 mm in greatest width; the reniform 
muscle scar on the inside (see Fig. 1B) is 6.5 mm by 11.5 
mm.
The mirrored image of the substrate of this oyster is 
remarkable, in this case the inside of a regular echinoid. 
Although details of ambulacral plating and pore zones are 
remarkably well preserved (Fig. 1A, C), a definitive 
identification of the echinoid called for a direct comparison. 
To this end, we used an unregistered test of Paracentrotus 
lividus (Lamarck, 1816) in the NHMM collections (from 
France, no detailed provenance data available), filled half 
of it with silicone rubber, broke it open, photographed it 
and placed it next to NHMM 2006 052 for direct 
comparison (Fig. 1D, E). In all details (e.g., 5-geminate 
ambulacral plating), there is correspondence between 
these two specimens, which also rules out the possibility 
that the echinoid mirrored could be fossil. In NHMM 
2006 052, there are smaller outgrowths of the oyster shell 
on the right-hand side (Fig. 1B), which demonstrate that 
the echinoid test must have been broken at the ambitus. 
Moreover, the apical area (Fig. 1A) has irregular margins, 
suggesting that apical disc plating had already been lost 
and dispersed, and the test margin broken, either through 
predation, scavenging or wave action, prior to oyster 
cementation. The broken test lay on the seafloor for a 
certain period of time, which is clear from the occurrence 
of small spirorbid polychaetes which the oyster 
bioimmured. From personal observations (C.N.), we 
know that species of Spirorbis can settle within two to 
three days and reach diameters of nearly 3 mm in such a 
short timespan.
Paracentrotus lividus is widely distributed in depths 
between 0 and 30 m in the Atlantic (Ireland, England), the 
English Channel, and further south to Morocco, the 
Canary Islands and the Mediterranean (Mortensen, 
1927[1977]; Hansson, 1999). With a diameter of c. 33 
mm, the specimen to which the oyster attached was a 
fairly small test (compare Figs 1A and D).
 The second example is a large-sized individual 
of the pycnodonteine Pycnodonte vesicularis (Fig. 2A-C) 
attached to a test fragment of Hemipneustes striatoradiatus 
(NHMM JJ 8805). This is from the lower Nekum Member 
(subunit IVe-1; Maastricht Formation) of late Maastrichtian 
age, as exposed at the CBR-Romontbos quarry, Eben 
Emael (Bassenge, Liège). Hemipneustes striatoradiatus 
is widely distributed in the type area of the Maastrichtian 
Stage and ranges from the Lanaye Member (Gulpen 
Formation) to the uppermost Meerssen Member 
(Maastricht Formation; Jagt, 2000), providing ‘secondary 
substrates’ par excellence throughout its range. In this 
particular case, the oyster larva settled on the inside of a 
broken test, near the anterior unpaired ambulacrum, and 
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extended growth laterally and posteriorly, closely 
following the broken margins of the test (Fig. 2B) and 
then becoming elevated. The shell did not protrude 
through the peristome (15.9 mm in width), as seen in 
Figure 2C. The oyster measures 65.5 mm in greatest 
height and 59.2 mm in greatest width; the muscle scar 
(Fig. 2A) is 16.0 by 17.2 mm, and the thickness of the 
echinoid test is 3.8 mm. Unfortunately, the right valve is 
not preserved; this would have shown a considerable 
upper bulge, and a flatter basal area to account for the 
concavity of the echinoid test overgrown. Attached to the 
external shell surface of the oyster are some serpulid 
polychaetes (Fig. 2B).
 The third and last example is more or less 
comparable, involving the same pycnodonteine species, 
but attachment was to a test fragment of a regular echinoid, 
a phymosomatid (Fig. 2D, E). The oyster is a particularly 
thick-shelled individual, which has a prominent older 
growth stage on account of having settled on a fairly 
narrow and strongly concave substrate. Unfortunately, the 
right valve is not preserved; this would have shown a 
convex umbonal portion, possibly with a subdued image 
of the ambulacral/interambulacral plating of the echinoid. 
The oyster measures 52.1 mm in greatest width and 90.7 
mm in greatest height, the muscle scar being obscured by 
a flint nodule. From what is visible of the fragmentary 
Figure 1a-C. Outer, inner and lateral views of a xenomorphic oyster (Ostrea edulis Linné, 1758; left valve, NHMM 2006 052, leg. 
Roelse), respectively, from low-tide line at La Grande Plage (St Cast, Bretagne, France). d, e. Silicone rubber infill of an average-sized 
test of a Recent Paracentrotus lividus (Lamarck, 1816), NHMM 2006 053, from an unspecified locality in France. Scale bars equal 10 
mm. Note the close match in proportions, ambulacral/interambulacral shadowing and pore arrangement (5-geminate).
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test, the echinoid can be identified as Rachiosoma 
granulosa sensu Kutscher, 2003 (= Gauthieria middletoni 
sensu Smith & Jeffery, 2000); the test diameter is estimated 
to have been approximately 30 mm.
4. discussion
Of prime importance in determining the attachment 
position of suspension-feeding animals, such as oysters, 
are physical-hydrodynamic parameters. In soft-bottom 
communities, such as the one represented at the sandy 
seashore of La Grande Plage (St Cast, Bretagne), 
secondary hardgrounds are frequently colonised since 
these are low in number (i.e., limited ecospace). In 
addition, there is fierce competition for such substrates, 
meaning that occasionally oyster larvae have to make do 
with what is available right there and then. The fact that 
the larva of Ostrea edulis settled on the inside of an 
echinoid test proves that this must have been broken 
around the peristome already and was positioned peristome 
up. The fact that there is no adhering calcareous test 
material in NHMM 2006 052 is problematic; normally, 
oyster cementation to substrates is so tight that oyster and 
substrate are rarely separated. A possible explanation may 
be that there was still some organic material (film) present 
inside the echinoid test when the oyster larva settled, 
rapidly grew and thus filled the available space.
The examples above illustrate peculiar examples of 
oyster spat settling inside partially broken echinoid tests. 
Such occurrences may be expected to be commoner than 
recorded to date; collecting bias is strong in this case. 
Collectors tend to disregard broken echinoid tests and 
oysters are not amongst their favourites, either (Kutscher, 
1997). In contrast to other biota, such as spirorbid and 
serpulid polychaetes as well as cheilostome bryozoans, 
oyster settlement and growth on the inside of whole 
echinoid tests appears to be extremely rare. ‘Whole’ is 
this case means unfragmented, but naturally without 
apical and peristomial plating. Judging from the occurrence 
of numerous juvenile specimens, the mortality rate 
Figure 2a-C. Large-sized pycnodonteine oyster (Pycnodonte vesicularis (Lamarck, 1806)) following closely the rim of a broken test 
of Hemipneustes striatoradiatus (Leske, 1778), NHMM JJ 8805, from the CBR-Romontbos quarry, Eben Emael (Bassenge, Liège), 
Maastricht Formation, lower Nekum Member (subunit IVe-1). a. inside of valve; note muscle scar in centre; B. external view; C. lower 
view of test, with oyster sealing off peristome of echinoid, but not protruding from it. d, e. Large-sized and thick-shelled individual of 
P. vesicularis from the lower Maastrichtian of Rügen (northeast Germany), attached to a test fragment of the phymosomatid echinoid, 
Rachiosoma granulosa (sensu Kutscher, 2003 = Gauthieria middletoni sensu Smith & Jeffery, 2000). Private collection of Thomas 
Rößner (Berlin). Scale bars equal 10 mm.
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amongst attached oysters must have been high, and only a 
certain percentage of specimens reached maturity and 
attained large sizes. It may be that settlement inside whole 
echinoid tests severely restrained growth and thus led to 
premature death; only more examples of ‘views from 
within’ can determine this.
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